Abstract. The unambiguous identification of hadron modifications in hot and dense QCD matter is one of the important goals in nuclear physics. In the regime of 1 -2 GeV kinetic energy per nucleon, HADES has measured rare and penetrating probes in elementary and heavy-ion collisions. The main creation mechanism of mesons is the excitation and decay of baryonic resonances throughout the fireball evolution. The reconstruction of shortlived (≈ 1 fm/c) resonance states through their decay products is notoriously difficult. We have developed a new iterative algorithm, which builds the best hypothesis of signal and background by distortion of individual particle properties. This allows to extract signals with signal-to-background ratios of <1%.
Introduction
The mechanism of mass generation of hadrons stays an open question. Although the Higgs mechanism successfully explains mass generation of the three families of fermions, leptons and quarks, and the electroweak gauge bosons W ± and Z, the way how matter, i.e. neutrons and protons, obtains its mass remains unclear. One of the scenario relates the QCD chiral condensateto the mass. In vacuum, the chiral symmetry is spontaneously broken [1] . In AA collisions, depending on the energy and system size, chiral symmetry can be partially restored. These changes are reflected in the modification of the spectral functions of hadrons. It was shown that from relativistic (SIS18, SPS, AGS) to ultra-relativistic collisions (RHIC, LHC) baryons and anti-baryons play an important role in the modification of the spectral functions of the ρ, ω and φ mesons [2] . One can observe these modifications best in the di-lepton decay channel, although it might be that reconstruction of π + π − decays could provide valuable information as well [3] .
For this reason, the HADES (High Acceptance Di-Electron Spectrometer) [4] makes systematic measurements of elementary and heavy-ion collisions (pN, pA, π − N, π − A) at intermediate temperatures and high baryon chemical potential. HADES is located at the SIS-18 accelerator at GSI, Darmstadt, Germany. Accelerated ion beams, as well as protons and a secondary pion beam are available to be collided with a fixed target consisting of a liquid hydrogen, polyethylene, carbon, Au or W. The detector has low mass tracking detectors and a superconducting toroidal magnet, both divided in equal sextants, providing a momentum resolution better than 2 % for 1 GeV/c protons and pions. Hadron and lepton reconstruction and identification is based on the measurement of the specific energy loss 
Method, results and conclusions
The reconstruction of short-lived resonances by means of measurement of the four-momentum of their decay products into hadrons is obfuscated by random combinations, called combinatorial background. In order to overcome the limitations methods commonly used for that purpose, as the different event-mixing techniques [5] , we have developed an iterative algorithm that prevents shape distortions and need of weakly-defined normalization factors [6] . The method uses random rotations of particles within the same event, allowing to reduce statistical fluctuations by increasing the number of rotations of one particle. The combinatorial background hypothesis is improved in every iteration step. Correlations appearing from a limited acceptance, occupancy and efficiency are taken into account as well as correlations due to the event reaction plane. An example of a reconstructed inclusive signal of π − p pairs from the 10 % most central Au+Au at 1.23 GeV/u collisions is shown in Fig. 2 . The narrow Λ peak followed by a broad continuum that can be attributed to resonance decays, e.g. Δ, N * , are identifiable. As the transformations used preserve energy and momentum, the iterative method works efficiently for elementary reactions as well. In this case, the algorithm behaves similarly to random phase-space generators [7] , but includes the detector response obtained from real data, that is to say acceptance, efficiency and granularity. The technique was successfully tested with data from π − induced reactions on a carbon target at an incident momentum of 1.7 GeV/c measured by HADES. The reconstructed signal in the invariant-mass -pair transverse momentum plane of π + π − and π − p are shown in Fig. 3 . In conclusion, the developed method for calculating the combinatorial background is suitable for multi-differential analysis of heavy-ion collisions as well as elementary reactions. The method was tested with real data measured by HADES. The reconstruction of the inclusive production of resonances in the π ± p and π + π − channels in both Au+Au and elementary reactions will help to understand better the production mechanisms, medium and nuclear effects and also sets constraints on some hadron sources of the di-lepton cocktail. 
